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Description 

The present invention relates generally to a pneumatic vehicle tire, and to a method and an apparatus for correcting 
at least one uniformity characteristic in the tire. In particular, the present invention relates to correcting the uniformity 
characteristic in the tire, such as radial force variation and/or conicity, without grinding any part of the tire. 

It is known in the tire industry that it is difficult to manufacture a toroidal shaped pneumatic radial tire consistently 
the same every time from sheet and/or strip material. A typical pneumatic radial tire includes a pair of axially spaced 
apart and circumferentially inextensible beads. A carcass ply extends between the beads and is attached to a respec- 
tive bead at axially opposite end portions of the carcass ply. The carcass ply includes a plurality of parallel extending 
reinforcing members. The carcass ply is formed into a toroidal shape and has a belt package located radially outward 
of the carcass ply in a crown portion of the tire. Tread rubber and sidewall rubber are applied over the belt package and 
carcass ply, respectively. 

After the tire is assembled and cured, the tire is typically tested for a uniformity characteristic. "Uniformity 1 ' is defined 
herein as what a "perfect" or "ideal" tire would yield for certain measured characteristics when tested during rotation. 
"Uniformity characteristic" is defined herein as a deviation in those certain characteristics from what the perfect tire 
would yield during the testing. 

Testing a tire for a uniformity characteristic typically begins with mounting the tire in an inflated condition on a test 
spindle of a uniformity tester. A test wheel is moved into engagement with the tire to radially deflect a portion of the tire 
a predetermined amount. The position of the axis of rotation of the test wheel relative to the axis of rotation of the tire 
is then fixed by a locking mechanism. The test wheel is rotated to cause rotation of the tire. Sensors associated with the 
test wheel sense radial and lateral loads transmitted by the tire to the test wheel during rotation of the tire. 

One uniformity characteristic test which is generally performed on the tire is a test for radial force variation. Radial 
force variation is typically expressed as a variation in the force against the test wheel which is sensed during rotation of 
the tire. Radial force variation can be represented by a combination of a first harmonic radial force variation through an 
Nth harmonic radial force variation or a composite radial force variation. The Nth harmonic is the last harmonic in a Fou- 
rier Series analysis of the composite radial force variation which is deemed acceptable to accurately define the radial 
force variation. It is known in the tire and automobile industries that vehicle ride is generally most affected by the first 
harmonic radial force variation of the tire. The first harmonic radial force variation is often associated with "radial runout" 
of the tire. Radial runout is defined as a difference in the radius from the axis of rotation to the outer periphery of the tire 
tread around the tire. 

Another uniformity characteristic test which may be performed on the tire is a test for conicity. Conicity is defined as 
the tendency of a rotating tire to generate a lateral force regardless of the direction of rotation of the tire. Conicity is 
expressed in terms of average lateral force generated during rotation in both directions of the tire against the load. 

Such uniformity characteristics may be attributed to the manufacture of a tire from the sheet and/or strip material. 
The uniformity characteristics can simplistically be viewed as a deviation from perfect roundness of the outer circumfer- 
ence of the tire, as deviation from spindle load transmitted by a perfect tire during rotation (radial force variation) or as 
deviation from straight tracking during rotation (conicity). For example, the tread rubber of the tire may be thicker or thin- 
ner in one location around the outer circumference of the tire. There may also be areas of the tire having increased 
strength because of a doubling of a tire reinforcement, such as at the splice from sheet carcass ply material. Lack of 
bead concentricity of the tire may also be a problem. The beads of the tire may be not exactly concentric relative to the 
axis of rotation of the tire or the tread may not be concentric with the beads (radial runout). The carcass ply of the tire 
may be subjected to more or less localized stretch of the carcass reinforcing members during assembly of the tire. The 
molding and curing processes of the tire assembly could also create localized stretching of the carcass reinforcing 
members. The belt package of the tire may be axially displaced or conically shaped. 

If the uniformity characteristic of the tire has a magnitude which is less than a predetermined relatively low mini- 
mum magnitude, which is deemed not to be detrimental to a vehicle ride or produce undesirable vibrations in the vehi- 
cle, the tire may be shipped to a customer. If the uniformity characteristic magnitude is greater than a predetermined 
maximum threshold magnitude, the tire is scrapped. If the uniformity characteristic magnitude is between the relatively 
low minimum magnitude and the maximum threshold magnitude, the tire may be suitable for correction. 

Typically, prior art correction of a uniformity characteristic of a tire, such as radial force variation, included grinding 
of tread rubber about the outer circumference of the tire at a selected location and up to 180 degrees about the outer 
circumference of the tire. However, grinding of the tire has certain disadvantages. For example, grinding can contami- 
nate a tire plant environment, reduce the useful tread life of the tire or may render the tire visually unappealing. Prior 
attempts at correcting a pneumatic tire uniformity characteristic without grinding are disclosed in US. Patents Nos 
3.529,048 ; 3.632,701 ; 3.838,142 ; 3.872.208 ; 3.880.556 ; 3.945.277 and 5.060,510. 

U.S. Patent No. 3,529.048 discloses placing a tire on a fixture immediately after the tire is removed from a moid and 
before it is cooled. The tire is inflated to its recommended operating pressure. A radial load is applied to the tire and the 
tire is rotated for a time at least equal to the tire cure time. The flexing of portions of the tire allow components or por- 
tions of the components of the tire to "relatively move" before the tire is completely cured to yield uniform stresses in the 
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components. 

U.S. Patent No. 3.632,701 discloses heating a tire after curing to a temperature elevated above an ambient temper- 
ature. The elevated temperature is maintained for about sixty minutes while the tire is inflated to a pressure of up to 350 
kPa (50 psi). This obviously has drawbacks in a modern tire production plant because of the relatively long time required 
5 to correct the uniformity characteristic of the tire compared to a cure cycle time of less than thirty minutes for a passen- 
ger car radial tire. 

U.S. Patents 3,872,208 and 3,880,556 disclose applying heat to a portion of the inner surface of the tire. U.S. Pat- 
ent No. 3,945,277 discloses applying heat to the tire sidewails during rotation of the tire in contact with rollers in order 
to "condition" the tire. 

10 U.S. Patent No. 5,060,510 discloses correcting radial force variation of a tire and rim assembly without grinding the 
tire tread. A pair of circumferential shims are placed between respective tire bead areas and mounting areas of the rim 
as a function of the measured radial force variation. Each shim has a varying thickness over its circumference. For a flat 
seat rim, the largest thickness portion of the shims are placed at the location of the largest amplitude of the radial force 
variation. 

75 Finally U.S.Patent No. 3,838,147 discloses a method for correcting radial force variation in a tire which comprises 
rotating the inflated pneumatic tire while subjecting the latter to a normal operating load, continously monitoring the 
magnitude of the reaction force resisting the applied load to determine the magnitude and location of the maximum 
reaction force and subjecting selected sections of the tire sidewails and/or tread body to ionizing radiation to increase 
the modulus of elasticity of the irradiated section, thus modifying a mechanical characteristic of material in the tire as a 

20 fonction of the magnitude and location of the maximum reaction force detected. 

The present invention is directed to correcting a uniformity characteristic, such as radial force variation or a conicity, 
in a fully cured pneumatic tire and particularly in a radial pneumatic tire. The method and apparatus of the present 
invention accomplishes such correction without the drawbacks of the prior art methods which can be energy inefficient, 
costly and/or time consuming. The present invention is, thus, directed to an apparatus and a method for correcting at 

25 least one uniformity characteristic in the tire in a relatively short period of time and without grinding. The present inven- 
tion is also directed to a tire resulting from the uniformity characteristic correction by such method and apparatus. 

The method embodying the present invention is for correcting a uniformity characteristic in a cured tire. A signal is 
generated which is indicative of the magnitude of the uniformity characteristic and of the location on the tire to be cor- 
rected. To modify a mechanical characteristic of material in the tire, a portion of at least one carcass reinforcing member 

30 is permanently deformed a predetermined amount as a function of the location and magnitude indicated by the signal. 
The apparatus embodying the present invention for correcting a uniformity characteristic comprises means for gen- 
erating a signal which is indicative of the magnitude of the uniformity characteristic and of the location on the tire to be 
corrected. The apparatus includes means for permanently deforming at least one carcass reinforcing member a prede- 
termined amount as a function of the magnitude and location of the uniformity characteristic indicated by the signal to 

35 provide the correction. 

Correction of the tire is typically performed when the magnitude of the uniformity characteristic is within a predeter- 
mined range of magnitudes. The reducing step and/or means preferably includes stretching at least a portion of the car- 
cass reinforcing member beyond its elastic limit for a predetermined time. The stretching results in a permanent 
lengthening of the carcass reinforcing member as a function of the magnitude of the uniformity characteristic, but pref- 

40 erably by at least 0. 1 percent. 

The magnitude of the uniformity characteristic varies circumferentially around the tire as given by the signal. 
Stretching the carcass reinforcing members for proper correction must also vary circumferentially around the tire. Vari- 
able stretching is associated with a means for providing a variable tension in the carcass reinforcing members. This can 
be achieved by a tension applied to each individual carcass reinforcing member or by a method of restraining the tire 

45 and concurrently tensioning a plurality of carcass reinforcing members over a side or predetermined angular segment 
of the tire. The type and amount of restraint is a function of the uniformity characteristic, the magnitude and location of 
the correction, the pressure or force applied, as well as the physical parameters of the tire. 

Consider the signal to be indicative of a composite or total radial force variation. Total radial force variation may be 
analyzed to determine the first harmonic radial force variation or a predetermined other harmonic. A portion of the side- 

60 wall of the tire may be restrained a maximum amount at a location 1 80°, for the first harmonic, circumferentially spaced 
from the location indicated by the signal and a minimum amount, or not at all, at the location indicated by the signal. 
The sidewall may be linearly restrained to a gradually lesser amount in both circumferential directions from the location 
of maximum restraint toward the location of minimum restraint. Alternatively, non-linear restraint may be applied to the 
sidewall of the tire. 

55 The minimum restraint permits a maximum amount of permanent deformation to at least one carcass reinforcing 
member at the location of minimum restraint A gradually lesser amount of permanent deformation may then be pro- 
vided to other carcass reinforcing members in both circumferential directions from the location of minimum restraint to 
a minimum amount of permanent deformation at the location of maximum restraint. 

Restraining the sidewall or sidewails of the tire can be accomplished by an annular restraint device having a planar 
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side surface for engaging an annular portion of the sidewall. The radial length of engagement of the restraint device may 
be a relatively small percentage of the section height of the tire. Alternatively, another restraint device may be provided 
in which the radial length of engagement may be a relatively large percentage of the section height of the tire. The ori- 
entation of the restraint device relative to the mid-circumferential plane of the tire may be varied as a function of the 
5 magnitude of the radial force variation. 

Conicity of the tire may be corrected by permanently deforming a portion of all carcass reinforcing members a sub- 
stantially equal amount in only one sidewall of a tire indicated by the signal. Conicity may also be corrected by perma- 
nently deforming a portion of the carcass reinforcing members at the side of the tire indicated by the signal by an 
amount different than a permanent deformation applied to a portion of the carcass reinforcing members in the other 
10 side of the tire. 

A method and apparatus for reducing the magnitude of a uniformity characteristic in a cured tire is also provided. 
The location on the tire to be corrected is determined. A pseudo radial runout is introduced to the tire as a function of 
the location to be corrected in order to offset the uniformity characteristic and thereby reduce the first harmonic magni- 
tude of a resulting uniformity characteristic to a magnitude below a minimum threshold. 
75 The corrected tire includes a pair of spaced apart and circumferentially inextensible beads. A carcass extends 
between the beads and has axially opposite end portions attached to a respective one of the beads. The carcass 
includes a plurality of parallel extending reinforcing members. At least one of the carcass reinforcing members has a 
portion permanently deformed beyond its elastic limit to reduce a uniformity characteristic of the tire. The carcass rein- 
forcing members are preferably made from a polyester material. The tire may include a belt package located radially 
outward of the carcass in a crown portion of the tire. The permanently deformed portion of the carcass reinforcing mem- 
ber is preferably located in a sidewall of the tire. The portion of the carcass reinforcing member is permanently elon- 
gated by at least 0.1 percent. 

Further features of the present invention will become apparent to those skilled in the art to which the present inven- 
tion relates from reading the following specification with reference to the accompanying drawings in which • 

25 

. Fig. 1 is a flow diagram of process operations for testing and analyzing the uniformity characteristics of a tire ; 
. Fig. 2 is a graphical representation of a composite radial force variation of a tested tire as a function of the angular 
location around the tire ; 

. Fig. 3 is a graphical representation of the initial values of the first through third harmonics of a radial force variation 
30 of the tested tire; 

. Fig. 4 is a graphical representation of composite radial force variations of a tire having a first harmonic corrected 
according to the present invention, before and after running of the tire ; 

Fig. 5 is a graphical representation of the first through third harmonics of radial force variation after correction of the 
first harmonic of the tire ; 

35 . Fig. 6 is an elevational view of an apparatus embodying the present invention for correcting a uniformity character- 
istic of a tire ; 

Fig. 7 is a view of the apparatus in Fig. 6 with parts moved to different positions illustrating use of the method and 
apparatus; 

. Fig. 8 is a cross-sectional view of a tire mounted in a portion of the apparatus embodying the present invention and 
40 illustrating restraint of the sidewalls of the tire ; 

. Fig. 9 is an enlarged cross-sectional view of a portion of the tire and apparatus illustrated in Fig. 8 ; 

Fig. 10 is a schematic representation of a sidewall portion of a carcass reinforcing member in Fig. 9 ( before and 
after maximum restraint of the sidewall ; 
. Fig. 1 1 is a cross-sectional view of a portion of a carcass reinforcing member restrained at two radial locations 
45 according to an alternate embodiment restraint ring of the present invention ; 

. Fig. 1 2 is a graphical representation of permanent elongation of carcass reinforcing members between locations of 
minimum and maximum restraint of the sidewall in both directions and as a function of angular location around the 
tire ; 

Fig. 13 is a side view of a tire before and after correction illustrating the introduction of radial runout of the tire to 

so offset an existing radial force variation ; 

Fig. 14 is a flow diagram of the correction method embodying the present invention ; 
Fig. 15 is a cross-sectional view of art alternative embodiment restraint of the tire sidewall ; 
. Fig. 1 6 is a schematic representation of a portion of a carcass reinforcing member before and after restraining the 
sidewall according to the embodiment illustrated in Fig. 15 ; 

55 . Fig. 1 7 is a cross-sectional view of another alternate embodiment illustrating stretching a sidewall portion of the car- 
cass reinforcing member by a mechanism ; 

. Fig. 18 is a graphical representation of the carcass reinforcing member stretched according to the embodiment 
illustrated in Fig. 17 ; 

. Fig. 1 9 is a graphical representation of yet another alternate embodiment of the present invention method that illus- 
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trates stretching a portion of the carcass reinforcing member by a mechanism ; 

Fig. 20 is a graphical representation of the behavior of a portion of a carcass reinforcing member stretched as a 
function of time ; 

Fig. 21 is a perspective view of the alternate embodiment of a restraint ring embodying the present invention for 
5 selectively restraining portions of a sidewall of a tire ; 

Fig. 22 is a side view of the restraint ring (illustrated in Fig. 11) for varying the amount of restraint around the tire ; 
and 

Fig. 23 is a cross-sectional view, similar to Fig. 8, of a tire restrained by the restraint ring illustrated in Fig. 21 . 

10 A radial pneumatic tire 40 for uniformity characteristic correction in accordance with the present invention is illus- 
trated in Figs. 8 and 9. The tire 40 is rotatabte about a longitudinal central axis A. The tire 40 includes a pair of beads 
42 which are substantially inextensible in a circumferential direction. The beads 42 are spaced apart in a direction par- 
allel to the axis A. Circumferential is defined as being substantially tangent to a circle having its center at axis A and 
contained in a plane parallel to the mid-circumferential plane M of the tire. 

is A carcass ply 44 extends between each of the respective beads 42. The carcass ply 44 has a pair of axially oppo- 
site end portions which extend around the respective bead 42. The carcass ply 44 is secured at the axially opposite end 
portions to the respective bead 42. The carcass ply 44 includes a plurality of substantially parallel extending reinforcing 
members each of which are made of a suitable configuration and material, such as several polyester yarns or filaments 
twisted together. It will be apparent that the carcass ply 44 is illustrated as a single ply but may include any appropriate 

20 number of carcass plies for the intended use and load of the tire 40. It will also be apparent that the reinforcing member 
may be a monofilament or any other suitable configuration or material. 

The tire 40 illustrated in Figs. 8 and 9 also includes a belt package 46. The belt package 46 includes at least two 
annular belts. One of the belts is located radially outwardly of the other belt. Each belt includes a plurality of substan- 
tially parallel extending reinforcing members made of a suitable material, such as a steel alloy. The tire 40 also includes 

25 rubber for the tread 62 and sidewalls 64. The rubber may be of any suitable natural or synthetic rubber, or combination 
thereof. 

In the tire 40. uniformity characteristics may result from the assembly and curing operations in a tire plant For 
example, the tire 40 is tested after curing and cooling for certain uniformity characteristics, such as radial force variation, 
ply steer and/or conicity. Fig. 1 is a flow diagram of the processes that the tire 40 may undergo after it has been assem- 
30 bled, cured and cooled in operation 82. The tire 40 is placed on a uniformity tester (not shown). The uniformity tester is 
well known in the tire manufacturing art. The tire uniformity tester is available from a supplier such as Akron Standard, 
Akron, Ohio. 

The tire 40 is mounted in an inflated condition to its normal recommended operating pressure on a mounting device 
which simulates a vehicle rim. The tire 40 is then engaged by a test wheel which loads the tire to an appropriate prede- 

35 termined radial load. The relative distance between the axes of rotation of the tire 40 and of the test wheel (center-to- 
center cfistance) is then fixed. The test wheel is rotated to impart rotation to the tire 40. Sensors which are operatively 
connected with the test wheel sense radial force and lateral force variations from the load applied to the tire 40 in oper- 
ation 84. The test parameters which may be adjusted for the test include applied load, inflation pressure and rolling 
radius of the tire 40. The parameters are dependent upon the type of tire 40 and the particular size tire tested. For 

40 example, test parameters for a 205/70 R1 5 passenger car tire are a 502 decaNewtons (daN) load, 21 0 kPa (30 psi) infla- 
tion pressure and the center -to-center distance fixed when the radial load of 502 daN is reached. 

The tendency for the tire 40 to generate a lateral force in a direction along the axis A during rotation of the tire 40 
when loaded against the test wheel in one direction is also sensed in operation 84. This is termed lateral force variation. 
The tire 40 is then rotated in the opposite direction and another lateral force variation is sensed. The sensing of the 

45 magnitudes of the lateral force variations and the magnitude around the tire of the radial force variation is performed in 
operation 84. In operation 86, the conicity of the tire 40 is determined. Conicity magnitude is defined as the average of 
lateral offsets when the tire 40 is rotated in one direction and then rotated in the opposite direction. Lateral offset is 
defined as the mean of the peak-to-peak lateral force variation when the tire is rotated in one direction about its rota- 
tional axis when loaded. 

so In Figs. 2 and 3 an initial radial force variation of the uncorrected tire 40, as tested, is graphically illustrated to rep- 
resent corresponding electrical signals. The radial force variation as a function of circumferential position on the tire 40 
is represented by a wave form illustrated in Fig. 2, which may be decomposed into a number of desired harmonic wave 
forms, as illustrated in Fig. 3. In operation 87 (Fig. 1), the harmonic wave forms are determined in a computer (not 
shown) by a Fourier analysis of the radial force variation wave form sensed during rotation of the loaded tire 40. In Fig. 

55 3. for clarity of illustration purposes, only the uncorrected first through third harmonic radial force variations in decaNew- 
tons of force variation from test load during rotation of the tire 40 are graphically represented as a function of angular 
location around the tire from a reference location. It is apparent that the composite wave form is better represented by 
a greater number of harmonic wave forms. The analysis and wave forms are stored in the conputer and referenced to 
a particular tire 40 in operation 87. 
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The composite radial force variation and conicity are typically determined by the tire uniformity tester. Once the 
conicity and radial force variation magnitudes are determined, they are compared to a respective minimum acceptable 
threshold limit in operation 88 (Fig. 1). If the absolute value of the conicity magnitude and radial force variation magni- 
tude are less than a respective predetermined minimum threshold magnitude limit, the tire 40 is deemed acceptable 
5 and no further processing of the tire is needed. The tire 40 is then typically shipped to a customer as indicated in oper- 
ation 102. 

If the tire 40 has a magnitude for conicity (absolute value) or radial force variation greater than the corresponding 
acceptable minimum threshold magnitude limit, another comparison is performed in operation 104. If the conicity (abso- 
lute value) or radial force variation magnitudes are greater than a relatively large maximum threshold magnitude limit 
10 the tire 40 is deemed uncorrectable. If the tire 40 is uncorrectable it is scrapped in operation 1 06. 

If the tire 40 falls within a predetermined range of magnitudes for conicity (absolute value) and/or radial force vari- 
ation, it is forwarded for uniformity characteristic correction in operation 108. For example, if the conicity (absolute 
value) and/or radial force variation magnitudes are greater than the acceptable minimum threshold magnitude limit for 
shipping to a customer but less than the relatively large maximum threshold magnitude Omit for scrapping, the tire 40 
may be corrected at a uniformity correction station. After the tire 40 is corrected and allowed to sit for a period of time, 
for exanple twenty four hours, it may be again tested as indicated by the dashed line 120. This "sit period* is sufficient 
time to take into consideration any viscoelastic relaxation that occurred in the tire 40 after correction. If the corrected 
tire 40 has uniformity characteristic magnitudes below the minimum acceptable threshold limits it is shipped to the cus- 
tomer. If the tire 40 does not have an acceptable uniformity character magnitude, ft may be scrapped or may be again 
corrected. Preferably, after the tire 40 is corrected once it will be below the acceptable minimum threshold magnitude 
limit and shipped to the customer. 

A tire 40 that is to be corrected is transported to a correction station 140 embodying the present invention, as illus- 
trated in Fig. 6. The correction station 1 40 includes vertical frame members 1 32 as well as upper and lower cross mem- 
bers 134. An air tank 136 may be mounted to the upper cross member 134. The mode of transportation of the tire 40 
may be manual or automated on a conveyor system 138. The tire 40 is initially supported in the correction station 140 
in the position illustrated in Fig. 6. It should be apparent that the correction station 1 40 could be a stand alone operation 
or be incorporated into a tire uniformity test machine for a combination test and correct operation. 

A lower simulated rim mounting 142 is moved upwardly by a main actuator 144 from the position illustrated in Fig 
6 towards the position illustrated in Fig. 7. The lower simulated rim mounting 142 (Fig. 6) is brought into axial engage- 
30 ment with the lower bead area 146 of the tire 40. The main actuator 144 continues to raise the tire 40 away from the 
conveyor 138. The tire 40 then is forced against the upper simulated rim mounting 1 62 at the upper bead area 164, as 
illustrated in Figs. 7 and 8. The tire 40 is inflated with fluid pressure, such as air, to a pressure sufficient to seat the bead 
areas 146, 164 of the tire 40 against the simulated rim mountings 142, 162. Then the tire 40 is deflated to a relatively 
low pressure which is above the surrounding ambient atmospheric pressure and which pressure is approximately equal 
35 to one-tenth the recommended operating pressure of the tire. 

Once the tire 40 is located in the correction station 1 40. a programmable controller 1 66 (Fig.6) operably connected 
with the correction station 1 40 and computer determines, in operation 202 (Fig. 1 4) by a variety of inputs, if conicity cor- 
rection, radial force variation correction or both is to be performed. At the tire correction station 140 the tire 40 has an 
indicator, such as a bar code label or an infrared ink identification which is read and indicates information about the tire 
40 to the controller 1 66. Such information may be. for exanple, information related to reference measurements (i.e. soft 
spot or hard spot) or a unique identifier, such as a serial number which is communicated to the controller 166. The con- 
troller 1 66 can then input data associated with that serial number, such as the type of uniformity characteristic to be cor- 
rected as well as the wave forms and analysis that were stored in the computer in operation 87 (Fig. 1). Once this 
information is known to the controller 166 the tire 40 located in the correction station 140 can be corrected. 

If the controller 1 66 and control program determine that radial force variation of the tire 40 is to be corrected in oper- 
ation 202 (Fig. 4), the controller and control program determine which radial force variation, composite or harmonic, is 
to be corrected in operation 208. If for example, an operator or the control program has indicated, in operation 208 that 
the first harmonic of the radial force variation is the desired harmonic to be corrected, operation 220 sets input param- 
eters, to be used in a later operation, indicating the first harmonic. Alternatively, operation 220 can be programmed to 
select the harmonic of the radial force variation to be corrected as a function of a predetermined parameter, such as the 
harmonic with the greatest magnitude. Once it is determined that one or more harmonics of the radial force variation is 
to be corrected, operation 221 analyzes or reads the stored harmonic wave forms as illustrated in Fig. 3. 

If the first harmonic of the radial force variation is to be corrected as determined in operation 220. an analysis of the 
first harmonic wave form (if it has not been analyzed already) is performed in operation 221. The analysis may have 
already been done in operation 87 (Fig. 1) and stored for use at this time. The analysis will now be described in detail 
for a better understanding of such analysis. The analysis can be better understood with reference to Fig. 3. In Fig 3 
the initial first harmonic wave form signal for the uncorrected tire 40, as tested, is illustrated. Only two radial force vari- 
ation input parameters are required to initiate the first harmonic correction. The magnitude 238 and the location 236 
from a reference location provide these parameters. The magnitude is the difference between the soft spot 232 magni- 
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tude and the hard spot 234 magnitude. The location is the angular position 236 of the soft spot 232 from the reference. 
These two parameters are obtained in operations 221 and 222 of Fig. 14, and/or operation 87 of Fig. 1. 

This peak-to-peak magnitude 238 may be graphically represented as, for example, approximately 4.55 daN, of first 
harmonic desired correction (Fig. 3). If, for example, the tire 40 has four daN first harmonic peak-to-peak radial force 

s variation or less, and which four daN may be the minimum threshold acceptable limit for magnitude, the tire 40 would 
be shipped to the customer. If the relatively large maximum threshold limit for scrapping the tire 40 is greater than or 
equal to, for example, 10 daN first harmonic peak-to-peak magnitude, the tire would be scrapped. Here it is apparent 
that the 4.55 daN approximate peak-to-peak magnitude 238 of first harmonic radial force variation is within the prede- 
termined range of peak-to-peak magnitudes of four daN to ten daN and. thus, the tire 40 is suitable for correction. 

w The analysis operation 221 also includes the location 236 of the first harmonic soft spot 232 around the tire 40 as 
an angular position from a physical reference on the tire 40. Thus, the location 236 of the first harmonic soft spot 232 
is known to operation 222 (Fig. 14). The magnitude 238 and location 236 of the soft spot are used as input parameters 
to determine control parameters for the correction operation 258. 

Correction of the uniformity characteristic is accomplished in operation 258 (Fig. 14) by permanently deforming at 

is least one, and preferably many, carcass reinforcing members. The stretching is done preferably by applying relatively 
high inflation pressure to the interior of the tire 40 for a predetermined time. Input parameters are preferably used in 
operation 206 to determine control parameters for the correction operation 258. The control parameters are known to 
the controller 166 before the correction operation 258 is initiated. The input parameter of magnitude 238 affects the 
determination of control parameters such as deflection, time and pressure (or force) which are applied to the tire 40. 

20 The input parameter of location 236 (Fig. 3) of the soft spot affects the positioning of the tire 40 in the correction station 
140. Other input parameters affecting the control parameter such as deflection, time and pressure applied to the tire 40 
include the type and properties of material of the carcass reinforcing member. An example of properties include diam- 
eter, pitch and number of filaments used in the carcass reinforcing member. Materials of the carcass reinforcing mem- 
ber such as nylon and polyester are readily adaptable to correction by the present invention. Materials such as steel, 

25 Kevlar and rayon are not as easily permanently elongated and may require higher pressure or longer hold time. 

A signal is generated by the controller 166 which is indicative of at least the magnitude 238 (Fig. 3) of correction 
desired and the angular location 236 from a reference on the tire 40 to be corrected. The signal may be hydraulic, pneu- 
matic or preferably electronic. When the tire 40 is delivered to the correction station 140, the orientation of the tire may 
be accomplished relative to a known location on the correction station. For example, as illustrated in Fig. 6 if a first har- 

30 monic radial force variation correction is needed the location 236 of the first harmonic soft spot 232 is positioned at the 
far left hand side of the correction station 1 40. as viewed in Fig. 6. This positioning can be done by first marking the soft 
spot on the tire 40 relative to the physical reference of the tire 40 an angular amount equal to the location 236 in 
degrees. 

With the tire 40 properly located and initially inflated, the correction station 140 is then further activated to assume 

35 the position illustrated in Fig. 7. The correction station 140 includes at least one restraint ring 182 which is brought into 
engagement with at least one corresponding sidewall of the tire 40. The number and type of restraint rings 182 brought 
into engagement with the sidewall or sidewalls of the tire 40 is determined as a control parameter in operation 206 as 
a function of the type correction desired in operation 258. If the first harmonic of radial force variation is to be corrected, 
then both the upper restraint ring 182U and lower restraint ring 182D engage the respective sidewalls of the tire 40. 

40 Correcting a first harmonic radial force variation includes inflating the tire 40 to a pressure above the recommended 
operating pressure of the tire 40 as a function of input parameters while restraining a portion of the sidewall to control 
the distribution of the correction around the tire. Stretching and permanently lengthening a portion of the carcass rein- 
forcing member at different locations around the tire can correct the uniformity characteristic of the tire 40. Permanent 
deformation or elongation L is achieved by stretching a carcass reinforcing member beyond its elastic limit and holding 

45 it for a predetermined time, as illustrated in Fig. 20. The distribution of the amount of lengthening is controlled by 
restraining the sidewall of the tire 40 by an amount that varies around the circumference of the tire. This varying circum- 
ferential stretching is a function of the uniformity characteristic being corrected and other parameters. 

Restraint rings 182 (Fig. 8) engage the sidewalls with different axial displacements D1 t D2 to impart a different 
radius of curvature R1 , R2 to the portion of the carcass reinforcing member 306 (Fig.9) in each of the 6idewalls. Th 

so restraint rings 182 are used preferably only when inflation pressure is used for correction. The radius of curvature R2 in 
a maximally restrained portion of the tire 40 corresponding to displacement D2 is significantly less than radius of cur- 
vature R1 in the minimally restrained portion of the tire corresponding to displacement D1. Different radii of curvature 
provide different tension values in respective carcass reinforcing members. 

The maximum amount of restraint to be applied for first harmonic radial force variation correction is at the first har- 

55 monic hard spot 234 on the tire 40 at a location 1 80° away from the location 236 of the first harmonic soft spot 232 indi- 
cated by the signal. The maximum restraint occurs at the location of maximum axial displacement D2 relative to the 
mid-circumferential plane M of the tire 40 which is to the far right in the correction station 140, as viewed in Fig. 7. A 
minimum amount of restraint, or no restraint at all (i.e. a gap) is applied to the sidewalls of the tire 40 at the location of 
the first harmonic soft spot 232 indicated by the signal and known to the controller 166 and correction station 140. The 
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minimum restraint occurs at the location of minimum axial displacement D1 relative to the mid-circumferential plane M 
of the tire 40. This is at the far left of the correction station, as viewed in Fig. 7. It will be explained that more correction 
to the tire 40 occurs at the location of minimum restraint and relatively less (or no) correction occurs at the location of 
maximum restraint. 

Fig. 1 0 is a schematic illustration of one carcass reinforcing member 306 being corrected according to the preferred 
embodiment of the present invention. A portion 302 of the carcass reinforcing member 306 is illustrated in Fig 1 0 by a 
dashed line prior to being restrained. This portion 302 of the carcass reinforcing member 306 has an upper end point 
304 at which load in the carcass reinforcing member is transmitted to the belt package 46 of the tire 40. The portion 302 
of the carcass reinforcing member 306 has a lower end point 308 in the area of the bead 42 (Fig. 9) at which load in the 
carcass reinforcing member is transmitted to the bead of the tire 40. The deflected portions 312 of the portion 302 of 
the carcass reinforcing member 306 are illustrated in Fig. 10 in solid line. The deflection distance 310 is illustrated in 
Fig. 10 to correspond to the maximum amount of restraint discussed above in terms of deflection D2. 

In the deflected portions 312 of the carcass reinforcing member 306 it will be apparent that the original or unre- 
strained radius of curvature R1 of the carcass reinforcing member has changed and is now a relatively smaller radius 
of curvature R2 in two locations. Physically the smaller radius R2 of portion 312, when the interior of the tire 40 is sub- 
jected to the same relatively high inflation pressure, such as 100 psi or 7 bars, will not be permanently elongated the 
same amount as the unrestrained portion 302 of the carcass reinforcing member 306 having the relatively larger radius 
of curvature R1. The relationship between tension in the carcass reinforcing member 306, radius of curvature in the 
reinforcing member 306 and inflation pressure in the tire 40 can be represented by the formula T = R.P , where T is the 
tension force in the portion 302 of the carcass reinforcing member 306. R is the radius of curvature of the portion 302 
or 312 of the carcass reinforcing member 306 and P is the internal inflation pressure in the tire 40 causing tension in 
the portion 302 of the carcass reinforcing member 306. Thus, H will be apparent that for a constant inflation pressure P 
the larger radius of curvature R of the portion 302 of the carcass reinforcing member 306, results in a relatively higher 
tension T acting on that portion of the carcass reinforcing member. Thus, the higher tension in the portion 302 of the 
carcass reinforcing member 306 generally results in a relatively greater elongation above the elastic limit of the material 
which results in permanent elongation. The larger radius of curvature R1 in the portion 302 occurs at the location of 
minimum restraint around the tire 40 with a planar ring restraint device. 

The restraint rings 182 may be of any configuration desired that is suitable for the type correction to be performed 
and as a function of the parameters determined in operation 206. For example, as illustrated in Fig. 8. a pair of restraint 
rings 182 are brought into engagement with the sidewalls of the tire 40 from axially opposite sidewall sides The 
restraint difference is accomplished at the correction station 140 by axially moving the restraint rings 182 different 
amounts relative to the mid-circumferential plane M of the tire 40 at diametrically opposite regions of the tire The axial 
movement of the restraint rings 1 82 is performed at the far left and far right in the correction station 1 40 by two pairs of 
actuators 246 (Fig. 7). The lower restraint ring 182D is supported at diametrically opposed end portions by a pair of 
actuators 246. each of which is driven by a respective motor 244. The lower actuators 246 are movable axially relative 
to a lower support 242D. The support 242D has the motors 244 attached directly thereto. Upon actuation of one of the 
motors 244, an associated actuator 246 moves the lower restraint ring 182D axially toward or away from the tire 40 in 
a direction parallel to the axis of rotation A of the tire. The upper restraint ring 182U is supported and moved similarly 
relative to the upper cross member 134 and support 242U. 

The controller 166 and control program determine the amount of restraint or displacement needed at the location 
236 of the first harmonic soft spot 232 of the tire 40 as a control parameter In operation 206. The control parameters 
are preferably determined by a look up table in operation 206 as a function of the magnitude 238 of correction to be 
applied to the tire 40 and other input parameters. The look up table can be constantly updated to reflect the history of 
previously corrected tires. The amount of restraint is defined by the amount of axially inward deflection applied to a side- 
wall of the tire 40. For example, the maximum amount of desired deflection D2 at the hard spot may be 15 millimeters 
as determined by the controller 1 66 and control program in operation 258. The sidewalls of the tire 40 on the right side 
as viewed in Fig. 7. each are deflected axially 15 millimeters inwardly. This may be done manually or under controller 
1 66 and control program direction and verified by digital output display 248R to indicate 1 5 millimeters of deflection D2 
The minimum amount of restraint is applied to the sidewalls on the far left, as viewed in Fig. 7. For example the mini- 
mum amount of restraint may be 0 to 5 millimeters deflection D1 as verified in the digital output displays 248L or may 
even be a gap of 0 to 1 0 millimeters, ft will be apparent that the restraint rings 182 are tilted relative to the mid-circum- 
ferential plane M of the tire 40 to be closer together at the far right of the correction station 140, as viewed in Fig 7 If 
a gap is initially provided, it will generally dose by the sidewall contacting the restraint ring 182 as the tire 40 is inflated 
The maximum amount of deflection may be 1 5 millimeters in the axial direction. This means that each sidewall of 
the tire 40 is deflected a distance D2 axially inwardly against the relatively low initial inflation pressure, such as 21 to 35 
kPa (3 to 5 psi). The minimum amount of restraint may be 0 to 5 millimeters of axial deflection D1 of the sidewall at the 
location 236 of the first harmonic soft spot 232 (Fig. 3). The inflation pressure of the tire 40 is then raised significantly 
to a predetermined pressure above the recommended operating pressure of the tire, for example 100 psi or 7 bars and 
held for a predetermined hold time. The minimum predetermined pressure is preferably in the range of two to three 
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times the operating pressure of the tire 40. The predetermined hold time may be, for example, 10 seconds but will be 
considerably shorter than a cure cycle period. The minimum predetermined hold time is preferably at least one second. 
The input parameters as to amount of deflection, inflation pressure and hold time can be selected and varied by the 
controller 1 66 and control program in operations 258 (Fig. 1 4) as a function of the magnitude of uniformity characteristic 

5 correction needed, the size of the tire, the properties of the tire and the intended application of the tire. 

This relatively high predetermined pressure forces the carcass reinforcing members 306 (Fig.9) of the tire 40 to 
react to the elevated internal pressure and increase the tension in each carcass reinforcing member which results in 
lengthening. This increased tension and lengthening, when held even for a relatively short period of time above the 
elastic limit of the carcass reinforcing member 306, as illustrated in Fig. 20, results in the permanent deformation L by 

10 stretching of the carcass reinforcing members 306. The carcass reinforcing members 306 which have no or minimal 
restraint at the soft spot 232 on the left side of the correction station 140 are permanently deformed the greatest 
amount. Less permanent deformation occurs gradually in both circumferential directions towards the hard spot 234 
located on the right side of the correction station 180° from the soft spot 232. The least amount of deformation occurs 
at the location of maximum restraint at the hard spot 234. The permanently longer each carcass reinforcing member 

is 306 gets relative to its prestretch length, the "harder" it becomes in terms of radial force variation due to its permanent 
elongation. A belt restraint ring 280 (Fig. 8) may be optionally provided to counteract the relatively high inflation pres- 
sures so that the belt package 46 is not excessively expanded in the circumferential direction. 

Figs. 4 and 5 illustrate the same tire 40 after correction for first harmonic radial force variation. It will be apparent 
that the relative magnitude as defined by peak-to-peak magnitudes of the corresponding composite and first harmonic 

20 wave forms are dramatically lower in the wave forms of corrected tire 40 as illustrated in Figs. 4 and 5 than in the initial 
wave forms of the uncorrected tire as illustrated in Figs. 2 and 3. Also illustrated in Fig. 4 is a curve after the tire 40 has 
been in service for a predetermined amount of time as would occur after, for example, 1 609 km (1 ,000 miles) of service. 
This illustrates that the uniformity correction is permanent 

Another physical representation of what actually occurs when the first harmonic radial force variation of the tire 40 

25 has been corrected according to the present invention is illustrated in Fig. 13. It is known that radial runout of the tire 40 
affects the radial force variation. Such a radial runout is exaggerated in Fig. 13, as the outer circumference 322 of the 
tire 40 in dashed line. The radius RR1 on the right side of the tire 40 in relation to the center of rotation 320 of the tire 
40 established by the beads 42 is relatively smaller than the radius RR2 on the left side. The portion of the tire 40 at the 
far most location to the right would be deemed to be the location 236 of the soft spot 232 of the tire which would lend 

so itself to first harmonic radial force variation correction. 

During correction according to the present invention, the radius RR1 is increased over a right most portion 326 of 
the outer circumference 322 of the tire 40 to a radius RR3 due to the relatively greater elongation of carcass reinforcing 
members in the vicinity of the soft spot 232. The radius RR2 is reduced to a radius RR4. The belt package 46 is rela- 
tively inextensible and the outer circumference of the tire 40 does not increase. However, the location of the entire tread 

35 or outer circumference of the tire shifts to the right, as viewed in Fig. 13. This radial runout correction allows the now 
relatively uniform radii RR3, RR4 to establish new outer circumference 324 (solid line) relative to the center of rotation 
320 for the corrected tire 40. This radial runout correction frequently reduces the magnitude of the first harmonic radial 
force variation a sufficient amount to be deemed acceptable. However, when the first harmonic radial force variation is 
caused by tire attributes other than radial runout, it may be necessary to introduce a radial runout to reduce the magni- 

40 tude of the first harmonic radial force variation. 

What has actually taken place during the correction operation 258 (Fig. 14) in this physical representation, is cor- 
rection by introducing a radial runout to the tire 40. This introduced radial runout offsets the first harmonic radial force 
variation regardless of the attribute of the tire 40 producing the radial force variation. While the corrected radii RR3.RR4 
are not exactly equal necessarily, the resulting radial force variation (be it composite or first harmonic) is reduced during 

45 rotation of the tire 40. 

The correction has been introduced over the portion 326 of the tire 40 by maximally permanently elongating por- 
tions 302 of the carcass reinforcing members 306 located in both sidewalls of the tire 40 (Figs. 9 and 10). The portions 
312 of carcass reinforcing members 306 in the sidewalls of the tire 40 that were minimally permanently elongated or 
not elongated at all were restrained by the restraint rings 182 as described above. For example, the restraint rings 182 
so would place the maximum amount of restraint and maximum deflection at the left most portion of the sidewall of the tire 
40, as viewed in Fig. 13. This portion of the tire 40 corresponds to the location of the first harmonic hard 6pot 234. At 
the same time, minimum restraint and minimum deflection or even a gap would be allowed at the right most portion of 
the sidewall, as viewed in Fig. 13. This portion of the tire 40 corresponds to the location 236 of the first harmonic soft 
spot 232. When the restrained tire 40 is inflated to a predetermined pressure, as described above, and held for a pre- 
ss determined time, the portions 302 of the carcass reinforcing members 306 in the minimally restrained portions of the 
tire are permanently elongated by an amount greater than in the maximally restrained portions 312 of the tire. 

The procedure described above corrects the first harmonic of the radial force variation associated with the location 
236 of the soft spot 232 indicated by the signal generated by the controller 166. However, if the second, third, fourth or 
greater harmonics of radial force variation is desired to be corrected, the location and number of minimum restraints 
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must be varied on the sidewalls of the tire 40 during subsequent inflation and correction operations. For example, for 
the second harmonic of radial force variation to be corrected based on the wave form illustrated in Fig. 3 the amount of 
minimum restraint would be at two different locations 237 of second harmonic soft spots 233 from the location 236 of 
the first harmonic soft spot 232. Typically, the maximum amount of restraint as a function of the magnitude at the loca- 
tion indicated by the signal generated by the controller 166 will likely be less for the second harmonic than for the first 
harmonic. The maximum restraint can be maintained in the controller 166 and control program as a function of the sec- 
ond harmonic peak-to-peak magnitude. It should be apparent that higher order harmonics of the radial force variation 
would be corrected in a manner similar to that described for the first and second harmonics. 

Another correction option in operation 208 (Fig. 14) is that of composite radial force variation correction. In opera- 
tion 210 the hard spot 214 (Fig. 2) of the composite radial force variation of the tire 40 is identified as well as its location 
215 relative to a physical reference on the tire. The location 216 of the composite soft spot 212 is also identified in the 
controller 166 and control program. The controller 166 and control program determine or read the composite peak-to- 
peak magnitude which is represented by a distance 218 to be approximately 7 daN. The magnitude 218 and the loca- 
tion 21 6 of the soft spot 21 2 may be used as input parameters for the correction operation 258 (Fig. 1 4) if the magnitude 
falls within a predetermined range of magnitudes deemed appropriate for correction. For example, the range may be six 
daN to 12 daN. 

It should be apparent, in the wave forms illustrated in Figs. 2 and 3, that the locations 216,236 of the respective soft 
spots 212, 232 may be offset relative to one another. This results because the Fourier analysis defines the locations of 
the soft spot and hard spot of, for example, the first harmonic wave form as being 180° apart. Similar even spacing of 
the respective adjacent soft and hard spots of the other harmonic wave forms also occur. It should also be apparent that 
the soft spot 212 of the composite wave form is not necessarily spaced 180° from the hard spot 214 but occurs as 
sensed during testing. For example, in the composite wave form illustrated in Fig. 2, the soft spot 212 is spaced approx- 
imately 150° from the hard spot 214. 

If composite radial force variation correction is desired, the location 216 of the soft spot 212 of the composite radial 
force variation is positioned at the far left hand side of the correction station 140, as viewed in Fig. 6. This positioning 
can be done by first marking the tire 40 so the soft spot 212 is located angularly from the physical reference. A first order 
composite radial force variation correction is performed as outlined in operation 258 (Fig. 14) and as described above 
for first harmonic correction. The correction involves permanent elongation of portions of carcass reinforcing members 
306. preferably by increasing the inflation pressure of the tire 40 considerably above the recommended operating pres- 
sure of the tire and holding that increased pressure for a predetermined hold time. 

The maximum amount of restraint for composite radial force variation correction should be at the composite hard 
spot 214 on the tire 40. However, for the composite wave form illustrated in Fig.2, the location 215 of the hard spot 214 
is 1 50° away from the location 2 1 6 of the soft spot 21 2. The maximum restraint of the "first harmonic" restraint rings 1 82 
will occur at the location 180° from the location 216 of the composite soft spot 212 when the restraint ring 182. 
described above, is used. A minimum amount of restraint, no restraint or a gap is applied to the sidewalls of the tire 40 
at the location 216 of the soft spot 212, 217 indicated by the signal and known to the controller 166 at the correction 
station 140. Thus, some trade off in the location of maximum restraint occurs due to the use of the first harmonic 
restraint rings 182. 

As an alternative embodiment, a restraint ring 380 (Fig. 21) can be used which has a cupped segment 383 which 
is not in a plane containing the planar surface 384. For example, the cupped segment 383 preferably extends over a 90 
degree arc length of the restraint ring 380. The cupped segment 383 provides nonlinear restraint to the tire 40. Such a 
cupped restraint ring 380 can be used to correct composite radial force variation as illustrated in Fig. 2, by relatively 
positioning the cupped segment 383 relative to a soft spot 212 or 217. With several (two for the wave form illustrated in 
Fig. 2) different angular locations of the restraint ring 380 and associated inflation pressure cycles for the same tire 40. 
the composite radial force variation of the tire can be effectively corrected. It is apparent that the shape of the surface 
of restraint ring 380, namely the number, size and position of segments 383, can be selected to give any predetermined 
restraint ring shape within the scope of this invention. However, the maximum correction will still occur at the soft spot 
212 because minimal restraint (maximum cupping) can be applied at the location 216. Other restraint devices could be 
developed to optimize the location of maximum restraint. 

If the controller 166 and control program, as illustrated in Fig. 14, determine that the tire 40 is to be corrected for 
conicity in operation 202, the location or side of the tire 40 requiring thecorrection is identified in operation 204 to the 
controller. The location or side of the tire requiring correction is a function of the direction of conicity. The parameters 
as to the location or side of the tire 40 and the magnitude of correction required by the tire 40 are used by the controller 
166 and control program in the correction operation 208. These parameters are input to operation 206 and stored for 
the correction operation 258 for each tire 40 to be corrected. 

In order to correct conicity of the tire 40 in the correction station 140 Mlustrated in Fig. 7 the following procedure is 
performed. If the side of the tire 40 to be corrected for conicity is located facing upwardly in the correction station 140, 
then no restraint will be applied to the upwardly facing sidewall of the tire. The lower restraint ring 182D is brought into 
engagement with the lower sidewall of the tire 40. The lower restraint ring is 1 82D moved axially inwardly a substantially 
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equal amount over the entire planar contact surface of the restraint ring 182D. Thus, the lower restraint ring 182D is not 
tilted and the upper restraint ring 1 82U does not engage the tire 40. However, it will be apparent that two restraint rings 
1 82 could be used for conicity correction with different amounts of restraint used on the different sidewalls of the tire 40, 
as described herein below. 

s When the proper amount of deflection or restraint has been applied to the lower sidewall of the tire 40 by the 

restraint ring 182D, correction for conicity may be initiated. The internal pressure of the tire 40 is then elevated to an 
amount sufficient to produce a desired permanent elongation in the carcass reinforcing members 306 in one sidewall 
of the tire. Such a pressure may be, for example, 1 00 psi or 7 bars. The deflection and elevated internal pressure is held 
for a relatively short period of time, for example, for ten seconds. The tire 40 is then deflated and the restraint removed 

10 from the lower sidewall of the tire and the tire is removed from the correction station 1 40. The conicity correction has 
occurred in the portions of the carcass reinforcing members in the upper sidewall of the tire 40 which was not 
restrained. All of the portions of the carcass reinforcing members in the upper sidewall of the tire were permanently 
stretched preferably by an equal amount The belt restraint ring 280 may be used to keep the tread 62 of the tire 40 from 
moving axially during conicity correction. 

75 It will be apparent that if the lower sidewall of the tire 40 as it is placed in the correction station 1 40 needed correc- 
tion, then the upper sidewall of the tire would be restrained by deflecting it axially inwards. It should also be apparent 
that depending on the amount and location of conicity desired to be corrected, that the restraint rings 1 82D, 1 82U could 
both engage opposite sidewalls of the tire to apply differing deflection based on the magnitude of correction desired. 
Thus, the inflation and hold procedure can take place and correct both sidewalls by differing amounts. It will also be 

20 apparent that one restraint ring 182 could be tilted if the magnitude of the conicity signal to be corrected is not a con- 
stant amount circumferentially around the tire 40. 

If a conicity characteristic is to be corrected, the side of the tire 40 needing the correction is identified to the con- 
troller 166 and control program. No special angular orientation of the tire 40 is generally needed if a conicity character- 
istic is to be corrected. The side of the tire 40 needing correction and the amount or magnitude of correction required 

25 must be known for conicity characteristic correction on the correction station 140 of the present invention. T 

The restraint rings 182 each preferably have a flat or planar surface 260 (Fig. 8) for use in correction of tfie first har- 
monic or composite of radial force variation or in correction of conicity. Each restraint ring 182 has a radial length of 
engagement LE1 (Fig. 9) with the sidewall of the tire 40 which is a relatively small percentage of the section height SH 
(Fig. 8) of the tire. The edges 278 of the restraint ring 182 may be rounded to avoid sharp edges. The restraint ring 402 

30 may also have a radial length of engagement LE2 (Fig. 15) that is a relatively large percentage of the section height SH 
of the tire 40. 

If a restraint ring 380 (Fig. 21) is provided with a cupped or concave surface in one or more locations, then other 
harmonics may be corrected during one correction operation. Such a restraint ring 380 is described above and may 
have a cupped portion 383 over 90° of the surface 384 (Fig.23). This allows correction of, for example, first and second 

35 harmonics of radial force variation when the soft spot of the second harmonic is located away from the soft spot of the 
first harmonic. The placement of the restraint ring 380 against the tire 40 is determined by the controller 1 66 to be opti- 
mal under program parameters. 

The amount of permanent deformation to the carcass reinforcing members 306 occurs by stretching a portion 302 
or 312 of the carcass reinforcing member which is preferably located in a sidewall of the tire beyond its elastic limit (Fig. 

40 10). This may be done by stretching the cord permanently in the range of 0.1 to 2 or 3 percent or some predetermined 
amount as a function of the magnitude of uniformity characteristic desired to be corrected, and the material of the car- 
cass reinforcing member. The results of a first harmonic linear correction by 5 millimeters minimum restraint and 15 mil- 
limeters maximum restraint is illustrated Fig. 1 2. The tire 40 was exposed to 1 00 psi (7 bars) of internal pressure for ten 
seconds of hold time with a planar surface restraint ring 182. It has been observed that for a passenger car tire, one 

45 percent of permanent elongation of the carcass reinforcing member 306 between the points 304 and 308 (Fig. 10) at 
the first harmonic soft spot and zero percent at the hard spot results in approximately 10 daN of first harmonic radial 
force variation. 

An alternate restraint device 388 is illustrated in Fig. 1 1 . A portion of the sidewall of the tire 40 is restrained without 
a deflection. The restraint device 383 comprises two portions 394 that contact the tire 40 at two radial locations 390, 

so 392. These radial locations 390, 392 contact the outer surface of the sidewall of the tire 40. The portions 394 of the 
restraint device 388 are spaced equally from the equatorial plane E. The sidewall of the tire 40 has an unrestrained 
length 396 which is deflected by the inflation pressure. The unrestrained length 396 has a minimum dimension associ- 
ated with the hard spot and a maximum dimension associated with the soft spot. The unrestrained length 396 of the 
restraint device 388 varies circumferentially around the tire from the hard spot to the soft spot, as illustrated in Fig. 22. 

55 The carcass reinforcing members are permanently elongated during inflation a greater amount where the unrestrained 
length 396 has a larger dimension. 

The restraint device 388 has interconnecting parts 398 so that the portions 394 in contact with the tire can act as 
one device. This restraint device 388 allows the carcass reinforcing members to have a deflection 316 and a radius of 
curvature R4 which is smaller than the initial unrestrained radius of curvature R1 under the influence of inflation pres- 



11 



EP 0 587 853 B1 



sure. 

Fig. 15 illustrates a flat surface restraint ring 402 having a radial length of engagement LE2 which is a relatively 
large percent of the section height SH of the tire for a radial length of engagement. This yields a radius of curvature R3 
which is less than the initial radius of curvature R1 . Fig. 1 6 corresponds to a schematic illustration of what occurs to the 
5 portion 422 of the carcass reinforcing member during correction under relatively high pressure with the restraint ring 
402. 

Figs. 17 and 18 similarly schematically illustrate an alternative method and apparatus for use without an inflation 
pressure increase in the tire 40. The devices 502, 504, 506 mechanically stretch portions 512 of the carcass reinforcing 
member axially outwardly beyond its elastic limit. Fig. 19 is another schematic illustration of mechanically stretching a 

10 portion 602 of the carcass reinforcing member beyond its elastic limit. This is done by radially stretching the portion 602 
of the carcass reinforcing member between the upper and lower attachment points 604, 606 in the sidewall of the tire 
40. Deflection 608 of the portion 602 results. This stretching could be accomplished by moving point 606 radially 
inward, and point 604 radially outward or by moving point 604 radially outward. It should be apparent that stretching of 
the portion of carcass reinforcing members could be accomplished by a combination of mechanical stretching and by 

15 inflation pressure stretching. 

The following is an example of a radial force variation correction performed in accordance with the method and 
apparatus of the present invention. 
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The tire used for test purposes was a Michelin 205/70R15 X24 tire. It can be seen that a 58 percent average reduc- 
es tion of first harmonic radial force variation in the sample has occurred. This is a significant portion of the first harmonic 
radial force variation and the tire 40 so corrected will provide a dramatically improved ride when it is on the vehicle than 
if it had not been corrected. The correction occurred without grinding of the tire 40 and in a relatively short period of 
time. 

From the above description of preferred embodiments of the invention, those skilled in the art will perceive improve- 
so ments, changes and modifications. Such improvements, changes and modifications within the skill of the art are 
intended to be covered by the appended claims. 

Claims 

65 1 . A method for correcting a uniformity characteristic present in a cured tire containing carcass reinforcing members, 
by modifying a mechanical characteristic parameter of material in such tire in response to indications of magnitude 
and location of the uniformity characteristic, said method being characterized in that such mechanical characteristic 
modifying step is performed by causing permanent deformation of at least one portion of at least one carcass rein- 
forcing member at a location selected in response to an indication of location of the uniformity characteristic , and 
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controlling the magnitude of the deformation to said at least one portion of said at least one carcass reinforcing 
member at the selected location in response to an indication of the magnitude of the uniformity characteristic. 

2. The method of claim 1, characterized in that said deformation causing step comprises stretching said at least one 
portion of said at least one carcass reinforcing member in a sidewall of the tire beyond its elastic limit by an amount 
determined as a function of said magnitude indication. 

3. The method of claim 2 characterized in that said stretching step includes the step of inflating the tire at a pressure 
to cause permanent deformation of said portion of the carcass reinforcing member as a function of said magnitude 
indication, and applying restraint to at least one sidewall of said tire to limit the deformation of portions of other car- 
cass reinforcing members in said at least one sidewall as a function of said location indication. 

4. The method of claim 3 wherein said uniformity characteristic is radial force variation, characterized in that said 
restraint is applied to limit the deformation of said carcass reinforcing members at one circumferential location of at 
least one sidewall, which is selected as a function of said location indication, to a greater extent than at adjacent 
locations around said sidewall. 

5. The method of claim 3 wherein said uniformity characteristic is conicity, characterized in that said restraint is 
applied to one sidewall of the tire to limit the deformation of the portions of the carcass reinforcing members in said 
sidewall to a greater extent that deformation of portions of the carcass reinforcing members in the opposite side- 
wall. 

6. The method of claim 3 wherein said uniformity characteristic is radial runout, characterized in that said restraint is 
applied to limit the deformation of said carcass reinforcing members at one circumferential position on the tire, 
which is selected as a function of said location indication, to a greater extent that at adjacent positions around the 
circumference of said tire. 

7. The method set forth in claim 4 characterized by further including the step of selecting the location and amount of 
restraint of portions of the sidewall of the tire as a function of the first harmonic variation of said uniformity charac- 
teristic. 

8. The method set forth in claim 3 characterized in that said controlling step includes controlling the amount of 
restraint applied to said portion of the sidewall as a function of the indication of magnitude of the uniformity charac- 
teristic. 

9. The method set forth in any of claims 3 to 8 characterized in that said controlling step includes maintaining the infla- 
tion pressure for a time which is determined as a function of the indication of magnitude of the uniformity charac- 
teristic. 

1 0. The method set forth in any of claims 3 to 9 characterized in that said controlling step includes controlling the infla- 
tion pressure as a function of the magnitude indication of the uniformity characteristic. 

11. The method set forth in any of claims 3 to 10 characterized in that said permanently deforming step comprises 
inflating the tire to a pressure greater than the recommended operating pressure of the tire and maintaining the pre- 
determined pressure for a time greater than one second and less than the cure cycle time for the tire. 

12. The method set forth in claim 4 characterized by further including the steps of: 

determining the angular locations and magnitude of a first harmonic of a uniformity characteristic ; 
determining the angular locations and magnitude of at least one other harmonic of the uniformity characteristic 
; and 

calculating a composite wave form as a function of said first and said at least one other harmonic of the uni- 
formity characteristic, wherein said deformation causing step comprises permanently deforming at least one 
carcass reinforcing member at selected positions around the sidewall of the tire by restraining portions of the 
sidewall of the tire by predetermined amounts at predetermined angular locations as a function of the compos- 
ite wave form. 

13. The method set forth in claim 1 wherein said uniformity characteristic is a conicity characterized in that said defor- 
mation causing step includes inflating the tire to a pressure to cause permanent deformation of said portion of said 
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carcass reinforcing member and deforming respective portions of at least one carcass reinforcing member in oppo- 
site sidewalls different amounts as a function of the conicity characteristic. 

1 4. The method of claim 1 characterized in that said deformation causing step comprises inflating the tire at a pressure 
to cause permanent deformation of said portion of said carcass reinforcing member and decreasing the radius of 
curvature of portions of other carcass reinforcing members in the sidewall to limit the permanent deformation of 
such portions under said pressure. 

15. The method of claim 2 characterized in that said stretching step includes the step of mechanically holding at least 
one bead portion and a respective upper end point and simultaneously stretching the sidewall to cause permanent 
deformation of said at least one portion of at least one carcass reinforcing member. 

16. The method set forth in any of claims 1 to 15 characterized by including deriving the indications of the magnitude 
and location of the uniformity characteristic on the tire to be corrected. 

17. An apparatus (140) for correcting a uniformity characteristic present in a cured tire (40) containing carcass reinforc- 
ing members, by modifying a mechanical characteristic parameter of material in such tire in response to indications 
of magnitude and location of the uniformity characteristic, said apparatus being characterized by comprising : 

- means for causing permanent deformation of at least one portion of at least one carcass reinforcing member 
at a location selected in response to an indication of location of the uniformity characteristic; and 

- means for controlling the magnitude of deformation by said deformation causing means to said at least one 
portion of at least one carcass reinforcing member at the selected location in response to an indication of the 
magnitude of the uniformity characteristic. 

18. The apparatus of claim 1 7 characterized in that said deformation causing means comprises means for selectively 
stretching said portion of the carcass reinforcing member in a sidewall (64) of the tire beyond its elastic limit. 

19. The apparatus of claim 1 7 characterized in that said deformation causing means comprises means for temporarily 
inflating the tire at a pressure above the normal operational pressure of the tire and means for selectively restrain- 
ing at least one portion of a sidewall (64) of the tire whereby portions of the carcass reinforcing members in the 
restrained portion of the sidewall are restrained more than the carcass reinforcing members in other sidewall por- 
tions of the tire. 

20. The apparatus of claim 1 9 characterized in that said controlling means includes means for setting the inflation pres- 
sure in response to the magnitude indications of said uniformity characteristic. 

21. The apparatus of claim 19 or 20 characterized in that said controlling means includes means for setting the timing 
period for application of the tire inflation pressure in response to the indication of magnitude of said uniformity char- 
acteristic. 

22. The apparatus of any of claims 19 to 21 characterized in that said controlling means includes means for setting the 
amount of restraint applied by said restraining means to at least one sidewall portion in response to said indication 
of magnitude of the uniformity characteristic. 

23. The apparatus of any of claims 19 to 22 characterized in that said restraining means comprises means for applying 
greater restraint to the sidewall at one location circumferentially on the tire than at adjacent locations thereto. 

24. The apparatus of claim 23 characterized in that said restraining means comprises means for applying maximum 
restraint at one location of the sidewall around the tire and minimum restraint at the diametrically opposite location 
of the sidewall. 

25. The apparatus of any of claims 19 to 24 characterized in that said restraining means comprises a contact member 
having a surface for engaging an annular portion of a sidewall of the tire and means for moving said contact mem- 
ber to bring said surface in engagement with said annular portion, whereby portions of reinforcing carcass mem- 
bers in the sidewall portion engaged by the contact member are restrained against outward displacement under the 
inflation pressure. 

26. The apparatus of any of the claims 1 7 to 25 characterized by further including means for generating a signal indic- 
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ative of the magnitude and locations of the uniformity characteristic on the tire to be corrected. 

27. The apparatus of claim 17 characterized in that said deformation causing means further includes : 

a frame for receiving the tire in a mounted condition ; 

reference means for determining the position of the tire within the frame as a function of the location indications 
on the tire ; 

- at least one restraining member (182) which is movable relative to the frame and comprises a contact member 
having a surface for restraining a portion of the sidewall of the tire ; 

-. means for moving the member to engage the surface with the sidewall of the tire ; and 

- means for inflating the tire to a predetermined inflation pressure for a predetermined time in response to the 
magnitude indication. 

28. The apparatus in claim 25 characterized in that said surface is contained in a plane for engaging an annular portion 
of the sidewall, and minimally restraining one sidewall at the location indicated by a conicity signal and maximally 
restraining the sidewall opposite from the said location. 

29. The apparatus in claim 19 characterized in that said restraining means includes a restraint ring (380) with at least 
one cupped portion (383) which is positioned at a location of a soft spot of a composite signal wave form calculated 
as a function of the first harmonic and at least one other harmonic of said signal. 

30. A tire (40) comprising : 

a pair of spaced apart and substantially circumferentially inextensible beads (42) ; 

a carcass (44) extending between said beads and having axially opposite end portions attached to respective 
beads, said carcass including a plurality of parallel extending reinforcing members ; and 
a belt package (46) located radially outward of said carcass at a crown portion of the tire, characterized in that 
at least one of said carcass reinforcing members located in a sidewall (64) of the tire has a portion permanently 
deformed beyond its elastic limit to reduce a uniformity characteristic of the tire. 

31. The tire set forth in claim 30 characterized in that the length of said portion of said carcass reinforcing member is 
permanently increased by at least one tenth percent. 

32. The tire set forth in claim 30 characterized in that said reinforcing members are made from a polyester material. 

33. The method of claim 15 characterized in that said sidewall stretching step includes the step of mechanically forcing 
at least a portion of the sidewall outwardly to cause permanent deformation of said at least one portion of at least 
one carcass reinforcing member. 

34. The method of claim 15 characterized in that said sidewall stretching step includes the step of exerting traction 
between said bead portion and said upper end point in opposite directions to cause permanent deformation of said 
at least one portion of at least one carcass reinforcing member. 

Patentanspruche 

1. Verfahren zum Kbrrigieren einer Gleichffirmigkeitseigenschaft eines Karkassenverstarkungselemente enthalten- 
den, vulkanisierten Reifens durch VerSndern einer charakteristischen mechanischen Eigenschaft des Materials in 
einem solchen Reifen in Abhangigkeit von Angaben Ober Gr6Be und Position der Gleichf&rmigkeitseigenschaft, 
dadurch gekennzelchnet, daB der Schritt des Veranderns der mechanischen Eigenschaft durchgefOhrt wird, 
indem eine dauerhafte Verformung wenigstens eines Abschnitts wenigstens eines Karkassenverstarkingsele- 
ments an einer Stelle erzeugt wird, die in Abhangigkeit von einer Angabe Ober die Stelle der Gleichf6rmigkeitsei- 
genschaft gewahlt wird, und die Gr66e der Verformung des wenigstens einen Abschnitts des wenigstens einen 
KarkassenverstSrkungselements an der gewahiten Stelle in Abhangigkeit von einer Angabe Ober die GrfiBe der 
GleichfOrmigkeitseigenschaft gesteuert wird. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeichnet. daB der Schritt des Erzeugens einer Verformung das Strek- 
ken des wenigstens einen Abschnitts des wenigstens einen KarkassenverstSrkungselements in einer Seitenwand 
des Reifens Ober seine Elastizitatsgrenze in einem von der GrOBenangabe abhangigen MaB umfaBt 
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3. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daS der Streckschritt folgende Schritte umfaBt: 

Aufpumpen des Reifens auf einen Druck zum Erzeugen einer dauerhaften Verformung des Abschnitts des Kar- 
kassenverstarkungselements in Abhangigkeit von der GrOBenangabe und 

Anwenden eines Zuruckhalts auf wenigstens eine Seitenwand des Reifens, urn die Verformung von Abschnit- 
ten von anderen Karkassenverstarkungselementen in dieser wenigstens einen Seitenwand in Abhangiqkeit 
von der Stellenangabe zu begrenzen. 

4. Verfahren nach Anspruch 3. bei dem die GleichfOrmigkeitseigenschaft eine Radialkraftschwankung ist dadurch 
gekennzeichnet. da3 der ZurOckhalt angewandt wird, um die Verformung der Karkassenverstarkungselemente an 
einer Umfangsposition wenigstens einer Seitenwand. die in Abhangigkeit von der Stellenangabe gewahlt wird star- 
ker zu beschranken als an entlang dieser Seitenwand benachbarten Stellen. 

5. Verfahren nach Anspruch 3. bei dem die GleichfOrmigkeitseigenschaft die Konizitat ist. dadurch gekennzeichnet 
daB der Zuruckhalt auf eine Seitenwand des Reifens angewandt wird, um die Verformung der Abschnitte der Kar- 
kassenverstarkungselemente in dieser Seitenwand starker zu beschranken als die Verformung von Abschnitten 
der Karkassenverstarkungselemente in der gegenOberliegenden Seitenwand. 

Verfahren nach Anspruch 3. bei dem die GleichfOrmigkeitseigenschaft der radiale Schlag ist. dadurch gekenn- 
ze.chnet, daB der Zuruckhalt angewandt wird, um die Verformung der Karkassenverstarkungselemente an einer 
Umfangsposifcon des Reifens, die in Abhangigkeit von der Stellenangabe gewahlt wird, starker zu beschranken als 
an entlang des Umfangs des Reifens benachbarten Positionen. 

7. Verfahren nach Anspruch 4. gekennzeichnet durch den weiteren Schritt des Wahlens der Stelle und des Ausma- 
Bes des Zuruckhalts yon Abschnitten der Seitenwand des Reifens in Abhangigkeit von der Schwankung der ersten 
Harmonischen der GleichfOrmigkeitseigenschaft. 

8. Verfahren nach Anspruch 3. dadurch gekennzeichnet. daB der Steuerungsschritt das Steuern des AusmaBes des 
auf den Abschnrtt der Seitenwand angewandten Zuruckhalts in Abhangigkeit von der GrOBenangabe der GleichfOr- 
migkeitseigenschaft umfaBt. 

9. Verfahren nach einem der AnsprQche 3 bis 8. dadurch gekennzeichnet, daB der Steuerungsschritt das Aufrechter- 
nalten des Innendrucks wahrend eines Zeitraums umfaBt der in Abhangigkeit von der GrOBenangabe der Gleich- 
fOrmigkeitseigenschaft bestimmt wird. 

1 0. Verfahren nach einem der AnsprQche 3 bis 9. dadurch gekennzeichnet. daB der Steuerungsschritt das Steuern des 
Innendrucks in Abhangigkeit von der GrOBenangabe der GleichfOrmigkeitseigenschaft umfaBt. 

11. Verfahren nach einem der AnsprQche 3 bis 10, dadurch gekennzeichnet. daB der Schritt des dauerhaften Verfor- 
mens das Aufpumpen des Reifens auf einen Druck oberhalb des empfohlenen Arbeitsdrucks des Reifens und das 
Aufrechterhalten des vorgegebenen Drucks wahrend eines Zeitraums von mehr als einer Sekunde und weniger als 
der VulkanisierungszyWuszeit des Reifens umfaBt. 

12. Verfahren nach Anspruch 4. gekennzeichnet durch die weiteren Schritte: 

Start™ 6 " Winkelpositionen und der AmpMude einer ersten Harmonischen einer GleichfOrmigkeitseigen- 

- Bestimmen der Winkelpositionen und der Amplitude wenigstens einer weiteren Harmonischen der GleichfOr- 
migkeitseigenschaft; und 

- Berechnen einer zusammengesetzten Schwingung in Abhangigkeit von der ersten und der wenigstens einen 
weiteren Harmonischen der GleichfOrmigkeitseigenschaft. wobei der Schritt des Erzeugens einer Verformung 
das dauerhafte Verformen von wenigstens einem Karkassenverstarkungselement an ausgewahHen Positionen 
entlang der Seitenwand des Reifens durch ZurGckhalten von Abschnitten der Seitenwand des Reifens in vor- 
gegebenem AusmaB an vorgegebenen Winkelpositionen in Abhangigkeit von der zusammengesetzten 
Schwingung umfaBt 

1 3. Verfahren nach Anspruch 1 . bei dem die GleichfOrmigkeitseigenschaft eine Konizitat ist. dadurch gekennzeichnet 
daB der Schritt des Erzeugens einer Verformung folgende Schritte umfaBt: 
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- Aufpumpen des Reifens auf einen Druck, um clauerhafte Verformung des Abschnitts des Karkassenverstar- 
kungselements zu bewirken und 

Verformen von Abschnitten wenigstens eines Karkassenverstarkungselements in gegenQberliegenden Seiten- 
wanden in unterschiedlichem AusmaB in Abhangigkeit von der Konizitatseigenschaft 

14. Veilahren nach Anspruch 1 , dadurch gekennzeichnet daB der Schritt des Erzeugens einer Verformung umfaBt: 

Aufpumpen des Reifens auf einen Druck, um dauerhafte Verformung des Abschnitts des Karkassenverstar- 
kungselements zu erzielen und 

- Verringern des Krummungsradius von Abschnitten anderer Karkassenverstarkungselemente in der Seiten- 
wand, um die dauerhafte Verformung dieser Abschnitte unter diesem Druck zu begrenzen. 

15. Verfahren nach Anspruch 2. dadurch gekennzeichnet daft der Streckschritt fblgende Schritte umfaBt: 

mechanisches Halten wenigstens eines Wulstabschnitts und eines entsprechenden oberen Endpunkts und 
gleichzeitiges Strecken der Seitenwand, um dauerhafte Verformung des wenigstens einen Abschnitts des 
wenigstens einen Karkassenverstarkungselements zu erzeugen. 

16. Verfahren nach einem der Anspruche 1 bis 15, dadurch gekennzeichnet, daB es das Ableiten der Angaben Qber 
GrdBe und Position der Gleichfdrmigkeitseigenschaft am zu korrigierenden Reifen umfaBt. 

17. Vorrichtung (140) zum Kbrrigieren einer Gleichfdrmigkeitseigenschaft eines Karkassenverstarkungselemente ent- 
haltenden vulkanisierten Reifens (40) durch VerSndern einer charakteristischen mechanischen Eigenschaft des 
Materials in einem solchen Reifen in Abhangigkeit von Angaben Ober GrdBe und Position der Gleichfdrmigkeitsei- 
genschaft, gekennzeichnet durch: 

Mittel zum Erzeugen einer dauerhaften Verformung wenigstens eines Abschnitts wenigstens eines Karkassen- 
verstarkungselements an einer in Abhangigkeit von einer Angabe Qber die Position der Gleichfdrmigkeitsei- 
genschaft gewahiten Stelle; und 

Mittel zum Steuern der GrdBe der durch die Verformungsmittel an dem wenigstens einen Abschnitt des wenig- 
stens einen Karkassenverstarkungselements an der gewahiten Stelle erzeugten Verformung in Abhangigkeit 
von einer Angabe Qber die GrOBe der Gleichfdrmigkeitseigenschaft. 

18. Vorrichtung nach Anspruch 17, dadurch gekennzeichnet, daB das Verformungsmittel Mittel zum selektiven Strek- 
ken des Abschnitts des Karkassenverstarkungselements in einer Seitenwand (64) des Reifens Qber seine Elastizi- 
tatsgrenze umfaBt 

19. Vorrichtung nach Anspruch 17, dadurch gekennzeichnet, daB das Verformungsmittel Mittel zum zeitweiligen Auf- 
pumpen des Reifens auf einen Druck oberhalb des normalen Arbeitsdrucks des Reifens und Mittel zum selektiven 
ZurGckhatten wenigstens eines Abschnitts einer Seitenwand (64) des Reifens umfaBt. durch weiche Abschnitte der 
Karkassenverstarkungselemente im zuruckgehaltenen Abschnitt der Seitenwand starker zurQckgehalten werden 
als die Karkassenverstarkungselemente in anderen Seitenwandabschnitten des Reifens. 

20. Vorrichtung nach Anspruch 19, dadurch gekennzeichnet, daB das Steuermittel Mittel zum Festlegen des Innen- 
drucks in Abhangigkeit von den GrdBenangaben der Gleichfdrmigkeitseigenschaft umfaBt. 

21. Vorrichtung nach Anspruch 19 oder 20, dadurch gekennzeichnet, daB das Steuermittel Mittel zum Festlegen des 
Einwirkungszeitraums des Reifeninnendrucks in Abhangigkeit von der GrOBenangabe der Gleichfdrmigkeitseigen- 
schaft umfaBt. 

22. Vorrichtung nach einem der Anspruche 19 bis 21 , dadurch gekennzeichnet daB das Steuermittel Mittel zum Fest- 
legen des AusmaBes des durch das Zuruckhaltemittel an wenigstens einem Seitenwandabschnitt angewandten 
Zuruckhalts in Abhangigkeit von der GrdBenangabe der Gleichfdrmigkeitseigenschaft umfaBt 

23. Vorrichtung nach einem der AnsprQche 19 bis 22, dadurch gekennzeichnet daB das ZurOckhaltemittel Mittel zum 
Anwenden eines starkeren ZurQckhalts an einer Stelle der Seitenwand als an zu dieser in Umfangsrichtung 
benachbarten Stellen umfaBt 

24. Vorrichtung nach Anspruch 23, dadurch gekennzeichnet, daB das Zuruckhaltemittel Mittel zum Anwenden eines 
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maximalen Zuruckhalts an einer Stelle der Seitenwand urn den Reifen herum und eines minimalen ZurOckhalts an 
der diametral gegenuberliegenden Stelle der Seitenwand umfaBt. 

25. Vorrichtung nach einem der AnsprOche 19 bis 24, dadurch gekennzeichnet. daB das ZurQckhaltemittel umfaBt: 

ein Kontaktelement mil einer Oberflache zum Angreifen an einem ringfOrmigen Abschnitt einer Seitenwand 
des Reifens und Mittel zum Bewegen des Kontaktelements. urn diese Oberflache in Eingriff mit dem ringfOrmi- 
gen Abschnitt zu bringen. wodurch Abschnitte von Karkassenverstarkungselementen in dem vom Kontaktele- 
ment angegriffenen Abschnitt der Seitenwand von einer Verschiebung nach auBen unter dem Innendruck 
zuruckgehalten werden. 

26. Vorrichtung nach einem der AnsprOche 1 7 bis 25, dadurch gekennzeichnet, daB sie des weiteren Mittel zum Erzeu- 
gen ernes Signals umfaBt. das GraBe und Positionen der zu korrigieren Gleichformigkeitseigenschaft des Reifens 
angibt. 

27 ' ^S"" 9 naCh Anspruch 17> dadurch Sekennzeichnet. daB das Mittel zum Erzeugen einer Verformung ferner 

Ul I lid 131 . 

einen Rahmen zum Aufnehmen des Reifens in montiertem Zustand; 
" benlm Reifln BeStimm6n der P ° sition des Reifens im Rahmen in Abhangigkeit von den Stellungsanga- 

- wenigstens eir . Zuruckhalteelement (182). das relativ zum Rahmen bewegbar ist und ein Kbntaktelement mit 
einer Oberflache zum ZurQckhalten eines Abschnitts der Seitenwand des Reifens umfaBt 

- Mittel zum Bewegen des Elements, urn die Oberflache mit der Seitenwand des Reifens in Eingriff zu bringen; 

- Mittel zum Aufpumpen des Reifens auf einen vorgegebenen Innendruck wahrend eines vorgegebenen Zeit- 
raums in Abhangigkeit von der GrdBenangabe. 

28. Vorrichtung nach Anspruch 25. dadurch gekennzeichnet. daB die Oberflache in einer Ebene zum Angreifen an 
ernen r.ngf6rm.gen Abschnitt der Seitenwand liegt und daB eine Seitenwand an der durch ein Konizitatssignal 
angegebenen Stelle minimal und die der Stelle gegenQberliegende Seitenwand maximal zuruckgehalten wird. 

29. Vorrichtung nach Anspruch 19. dadurch gekennzeichnet, daB das ZurQckhaltemittel einen ZurQckhaltering (380) 
mit wenigstens einem gewOlbten Abschnitt (383) umfaBt, der an einer Position eines weichen Punkts einer zusam- 
mengesetzten Schw.ngung positioniert wird. die als Funktion der ersten Harmonischen und wenigstens einer wei- 
teren Harmomschen des Signals berechnet wird. 

30. Reifen (40) mit: 

- einem Paar von beabstandeten und im wesentJichen in Umfangsrichtung unstreckbaren WQIsten (42V 

- einer Karkasse (44) die zwischen den Wfllsten veriauft und axial gegenQberliegende Endabschnitte'besitzt, 
die jeweils an den WQIsten befestigt sind. wobei die Karkasse eine Mehrzahl von parallel verlaufendeh Verstar- 
kungselementen aufweist; und 

- einer QQrtelpackung (46). die radial auBerhalb der Karkasse in einem Scheitelabschnitt des Reifens angeord- 
net ist, ** 

dadurch gekennzeichnet. daB wenigstens eines der Karkassenverstarkungselemente in einer Seitenwand (64) des 

2 f T ^ d ^ r dauerhaft ober seine Elastizitatsgrenze verformt ist. urn eine GleichfOrmigkeHsei- 

genschaft des Reifens zu vemngern. 

31. Reifen nach Anspruch 30. dadurch gekennzeichnet, daB die LSngedes Abschnittsdes Karkassenverstarkungsele- 
ments urn wenigstens ein Zehntel Prozent dauerhaft erheht ist. 

32 ' tetirtm * AnSPfUCh 30 ' dadurCh S ekennzeicnn et. daB die Verstarkungselemente aus einem Polyestermaterial 

33. Verfahren nach Anspruch 15, dadurch gekennzeichnet. daB der Schritt des Streckens der Sertenwand den Schritt 
des mechanischen NachauBendrangens wenigstens eines Abschnitts der Seitenwand zum Erzeugen einer dauer- 
haften Verformung des wenigstens einen Abschnitts des wenigstens einen Karkassenverstarkungselements 
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umfaBt. 

34. Verfahren nach Anspruch 15, dadurch gekennzeichnet, daB der Schritt des Streckens der Seitenwand den Schritt 
des AusGbens von Zug zwischen dem Wuistabschnitt und dem oberen Endpunkl in entgegengesetzte Richtungen 
zum Erzeugen einer dauerhaften Verformung des wenigstens einen Abschnitts des wenigstens einen Karkassen- 
verstarkungselements umfaBt. 

Revendications 

1 - Procede de correction d'une caracteristique d'uniformite d'un pneumatique vulcanise comportant des elements de 
renfort de la carcasse, par modification d'un parametre mecanique des materiaux de ce pneumatique suivant des 
indications de valeur et d'endroit de la caracteristique d'uniformite, caracterise en ce qu' on produit une deformation 
permanente d'au moins une portion d'au moins un element de renfort de la carcasse k un endroit choisi suivant 
ladite indication d'endroit, et en contrOiant la valeur de la deformation dudit element de renfort audit endroit suivant 
ladite indication de valeur. 

2. Procede suivant la revendication 1, caracterise en ce que I'6tape de deformation consiste k etirer ladite porton 
d'eiement de renfort de la carcasse dans un f lane du pneumatique, au-del& de sa limite eiastique, d'une quantity 
determinee en fonction de ladite indication de valeur. 

3. Procede suivant la revendication 2, caracterise en ce que ledit etirement consiste k gortfler le pneumatique k une 
pression suffisante pour provoquer une deformation permanente de ladite portion de reiement de renfort de la car- 
casse en fonction de I'indication de valeur, et k appliquer un retreint k au moins Tun des flancs du pneumatique 
pour imiter la deformation des portions des autres elements de renfort dans ledit f lane en fonction de ladite indica- 
tion de valeur. 

4. Proc6de suivant la revendication 3, caracterise en ce que, la caracteristique d'uniformite 6tant la variation de force 
radiale, ledit retreint est applique, pour limiter la deformation des elements de renfort de la carcasse, dans une 
zone de la circonf erence d'au moins un f lane choisie en fonction de ladite indication d'endroit, davantage que dans 
: les zones adjacentes autour dudit f lane. 

5. Procede suivant la revendication 3, caracterise en ce que, la caracteristique d'uniformite etant la conicite, ledit 
retreint est applique k un flanc du pneumatique, pour limiter la deformation des portions des elements de renfort 
dans ce flanc, par rapport k la deformation des portions des elements de renfort dans le flanc oppose. 

6- Procede suivant la revendication 3, caracterise en ce que, le defaut d'uniformite etant le faux rond, ledit retreint est 
applique, pour limiter la deformation des elements de renfort de la carcasse, en une position circonf erentielle du 
pneumatique choisie en fonction de ladite indication d'endroit, davantage que dans les positions adjacentes autour 
de la circonference du pneumatique. 

7. Procede suivant la revendication 4, caracterise en ce que Ton choisit ('endroit et le taux de retreint des portions de 
flanc du pneumatique en fonction de la variation du premier harmonique de ladite caracteristique d'uniformite. 

8. Procede suivant la revendication 3, caracterise en ce que Ton commande le taux de retreint applique au flanc du 
pneumatique en fonction de I'indication de valeur de la caracteristique d'uniformite. 

9. Procede suivant Tune des revendications 3 & 8, caracterise en ce que ladite etape de commande consiste k main- 
tenir la pression de gonflage pendant une duree determinee en fonction de I'indication de valeur de la caracteristi- 
que d'uniformite. 

1 0. Procede suivant Tune des revendications 3 & 9. caracterise en ce que ladite etape de commande consiste k regler 
la pression de gonflage en fonction de I'indication de valeur de la caractetiqtique d'uniformite. 

1 1 . Procede suivant Tune des revendications 3 & 1 0, caracterise en ce que I'etape de deformation permanente consiste 
k gonfler le pneumatique k une pression superieure k sa pression nominale et k maintenir cette pression pendant 
une duree superieure k une seconde et inferieure k la duree du cycle de cuisson du pneumatique. 

12. Procede suivant la revendication 4, caracterise en ce que Ton determine les positions angulaires et I'amplitude du 
premier harmonique de la caracteristique d'uniformite, on determine la position angulaire et I'amplitude d'au moins 
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un autre harmonique de cette caracteristique. on calcule une forme d'onde composite en fonction desdits harmo- 
niques. et on deforme de fagon permanente au moins un element de renfort de la carcasse, k des endroits choisis 
autour du flanc du pneumatique, en retreignant des portions de ce flanc k des taux predetermines et k des posi- 
tions angulaires predeterminees en fonction de ladite forme d'onde composite. 

13. Procede suivant la revendication 1, caracterise en ce que , la caracteristique d'uniformite etant la conicite, I'etape 
de deformation consiste k gonfler le pneumatique k une pression suffisante pour provoquer une deformation per- 
manente de ladite portion de lament de renfort et a d&ormer les portions correspondantes d'au moins un ele- 
ment de renfort dans les f lanes opposes, k des taux differents en fonction de la caracteristique de conicite. 

14. Procede suivant la revendication 1, caracterise en ce que ladite deformation consiste & gonfler le pneumatique k 
une pression suffisante pour provoquer une deformation permanente de ladite portion de reiement de renfort, tout 
en diminuant le rayon de couitoure des portions des autres elements de renfort dans le flanc. de manure k limiter 
la deformation permanente de ces portions sous Peffet de la pression. 

15. Procede suivant la revendication 2, caracterise en ce que retape d'etirement consiste k maintenir mecaniquement 
au moins une portion du talon et un point de I'extremite superieure correspondante, et simultanement k etirer le 
flanc pour provoquer une deformation permanente de la portion correspondante de reiement de renfort. 

16. Procede suivant Tune des revendications 1 k 15, caracterise en ce que Ton preieve les indications de valeur et 
d'endroit du detaut d'uniformite sur le pneumatique a corriger. 

1 7. Appareil (1 40) de correction d'un defaut d'uniformite dans un pneumatique vulcanise (40) comportant des elements 
de renfort de la carcasse, par modification d'une caracteristique mecanique des materiaux de ce pneumatique sui- 
vant des indications de valeur et d'endroit du defaut. caracterise en ce qu'il comprend des moyens pour cr6er une 
deformation permanente d'au moins une portion d'au moins un element de renfort de la carcasse k un endroit 
choisi suivant ('indication d'endroit du detaut d'uniformite, et des moyens pour commander la valeur de la deforma- 
tion creee par les moyens precedents k I'endroit choisi. suivant I'indication de valeur du defaut d'uniformite. 

18. Appareil suivant la revendication 17. caracterise en ce que les moyens de deformation comprennent des moyens 
pour etirer seiectivement ladite portion de reiement de renfort de la carcasse dans un flanc (64) au<le& de sa limite 
eiastique. 

19. Appareil suivant la revendication 17, caracterise en ce que les moyens de deformation comprennent des moyens 
pour gonfler temporairement le pneumatique k une pression sup6rieure k sa pression nominale et des moyens 
pour retreindre seiectivement au moins une portion d'un flanc (64), des portions des elements de renfort dans la 
partie du flanc retreint se trouvant ainsi retreintes plus que les elements de renfort situ6s dans les autres portions 
du flanc. 

20. Appareil suivant la revendication 19, caracterise en ce que les moyens de commande comprennent des moyens 
pour fixer la pression de gonflage en fonction des indications de valeur du defaut d'uniformite. 

21. Appareil suivant les revendications 19 ou 20, caracterise en ce que les moyens de commande comprennent des 
moyens pour fixer la duree de maintien de la pression de gonflage suivant les indications de valeur du defaut cTuni- 
formite. 

22. Appareil suivant Tune des revendications 19 k 21, caracterise en ce que les moyens de commande comprennent 
des moyens pour fixer le taux de retreint applique k au moins un des f lanes en fonction des indications de valeur 
du defaut d'uniformite. 

23. Appareil suivant I'une des revendications 19 k 22. caracterise en ce que les moyens de retreint comprennent des 
moyens pour appliquer un retreint plus important au flanc & un certain endroit qu'aux autres endroits circonf eren- 
tiellement adjacents. 

~j 

24. Appareil suivant la revendication 23. caracterise en ce que les moyens de retreint comprennent des moyens pour 
appliquer un retreint maximal k un endroit du flanc et un retreint minimal k I'endroit diametralement oppose sur le 
tour du flanc. 

25. Appareil suivant I'une des revendications 19 k 24, caracterise en ce que les moyens de retreint comprennent une 
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piece ayant une surface capable d'entrer en contact avec une partie annulaire du flanc du pneumatique, et des 
moyens pour deplacer cette piece et Pamener en contact avec la partie annulaire du flanc, les portions des ei6- 
ments de renfort de la carcasse situSes dans la partie du flanc retreint etant d§form6es vers Pexterieur sous Peffet 
de la pression de gonflage. 

26. Apparei! suivant Tune des revendications 17 k 25. caracterise en ce qu'il comprend des moyens pour produire un 
signal donnant la valeur et Pendroit du defaut d'uniformite k corriger sur le pneumatique. 

27. Appareil suivant la revendication 17, caracterise en ce que les moyens de deformation comprennent un bati pour 
recevoir le pneumatique, une reference pour fixer la position du pneumatique dans le bctti en fonction des indica- 
tions d'endroit, au moins un organe de retreint mobile par rapport au bati et comprenant une piece de contact pour 
retreindre une portion du flanc, des moyens pour deplacer ledit organe et Pamener au contact du flanc, et des 
moyens pour gonfler le pneumatique k des pressions predeterminees pendant une duree determinee en fonction 
des indications de valeur. 

28. Appareil suivant la revendication 25, caracterise en ce que ladite surface est contenue dans un plan, de manure k 
venir en contact avec une partie annulaire du flanc et k retreindre au minimum Pun des f lanes k Pendroit indique par 
un signal de conicite, et k retreindre au maximum le flanc oppose. 

29. Appareil suivant la revendication 19, caracterise en ce que lesdits moyens de retreint comprennent un anneau 
(380) ayant au moins un secteur ondule (383) situe k Pendroit du point mort bas de la sinusoTde composite calcu!6e 
en fonction du premier harmonique et d'au moins un autre harmonique du signal. 

30. Pneumatique (40) comprenant une paire de talons (42) circonferentiellement inextensibles et ecartes Pun de 
Pautre. une carcasse (44) s'etendant entre lesdits talons et ayant ses lisieres axialement opposees fixees k ces 
talons et comprenant une pluraPrte d'eiernents de renfort paralleles, et une armature de ceinture (46) placee radia- 
lement k Pexterieur de ladite carcasse, caracterise en ce qu*au moins un element de renfort de ladite carcasse. 
situe dans un flanc (64) a une portion deformee de maniere permanente au-det& de sa limite eiastique pour require 
un defaut d'uniformite du pneumatique. 

31 . Pneumatique suivant la revendication 30, caracterise en ce que la longueur de ladite portion d'element de renfort 
est augmentee de maniere permanente d'au moins 0,1 % 

32. Pneumatique suivant la revendication 30, caracterise en ceque les elements de renfort sont fabriques en polyes- 
ter. 

33. Precede suivant la revendication 15, caracterise en ce que Petirement du flanc consiste k forcer mecaniquement 
au moins une porton du flanc vers Pexterieur pour provoquer une deformation permanente d'au moins une partie 
d'eiement de renfort de la carcasse. 

34. Precede suivant la revendication 1 5, caracterise en ce que Petirement du flanc consiste k exercer une traction entre 
ladite partie proche du talon et ladite extr6mit6 superieure, dans des directions oppos6es, pour provoquer une 
deformation permanente de ladite portion de Peiement de renfort de la carcasse. 
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